We use microwave retrievals of upper tropospheric humidity 
Introduction
Water vapour in the upper troposphere is important for radiative and hydrological feed- 
UTH estimation from microwave data
UTH can be estimated using the 183.31±1.00 GHz microwave channel measuements of MHS (Channel 3). The weighting function of this channel is generally sensitive to the relative humidity of a wide atmospheric layer, approximately between 500 and 200 hPa. The weighting function can move up or down according to variations in total humidity content of the atmosphere which is not very large for a tropical atmosphere (see Buehler and John [2005] and Buehler et al. [2008] for a detailed discussion). According to Buehler and John [2005] , there is a simple transformation of the brightness temperature of 183.31±1.00 GHz channel (T B3 ) to UTH as shown in the following equation:
where UTH is the relative humidity in the upper troposphere weighted with the channel's 127 weighting function, and a and b are regression coefficients which are derived for each 128 viewing angle of the instrument. More details on the retrieval methodology can be found
129
in Buehler and John [2005] . UTH data are not affected by the limb effect because we use
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humidity data and then converting them to UTH as described above for a like-to-like 136 comparison.
137

Filtering cloud-contaminated microwave scenes
Microwave radiances are affected by precipitating ice clouds so all the microwave radi-
138
ances used in this study are filtered for clouds using a method developed by [Buehler et al., 139 2007] which works as follows. daily maps for January (upper panels) and July (lower panels) are shown in Figure 2 .
167
The left panels in Figure 2 show the microwave sampling and the right panels show in- with the Indian summer monsoon using microwave data require daily UTH data. Such a 176 study would have been impossible using infrared data because of persistent cloud cover over the monsoon region, but there is good coverage in microwave sampling over the
178
Indian region in July.
179
The upper panel of Figure 3 series.
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The spatial distribution of CSB in infrared-coverage UTH is shown in Figure 6 for 245 January and July. It is calculated as infrared-coverage minus microwave-coverage UTH.
246
In regions of precipitating and deep convective clouds, microwave data also will have a 247 small dry bias which according to Buehler et al. [2007] is about 2-3 %RH. However, this
248
is negligible compared to the CSB in convective regions which is up to −30 %RH. CSB is 249 larger than −20%RH at 1.3% and 0.4% of grid points for January and July, respectively.
250
The maximum bias for both months is −32 %RH. As noted previously there are grid points 251 with no IR data at all for a whole month. Maximum CSB, % of grid points with missing 252 data and CSB more than −20 %RH for all months are given in Table 1 . Maximum CSB 
256
The main difference of these results compared to Lanzante and Gahrs [2000] is that
257
we get coherent patterns of CSB by just using one month of data and without using values and a few low values and thus low variance).
297
The lower panels of Figure 8 illustrate a very good correlation between the clear-sky 298 bias and the grid point standard deviation of MW-sampled UTH for January and July.
299
The correlation is −0.6 for both months. In Section 1 we discussed this issue using ERA-Interim 400 hPa relative humidity and 
319
Though the microwave data are available only for about 10 years, we make an attempt 320 to see how clear-sky-only sampling affects variability and trend in the actual UTH time 321 series using data from AMSU-B on-board NOAA-15. The data are available since 1999.
322
The HIRS instrument on NOAA-15 is HIRS/3 whose pixels have a spatial resolution of 
Summary and discussion
We have presented a unique method of estimating the impact of clear-sky-only sampling to deduce the impacts but at the cost of propagating errors in these data sets into the 372 estimated impacts.
373
Our method uses co-flying infrared and microwave sensors on the same satellite. Mi-374 crowave data are affected only by deep convective precipitating clouds, so they provide an 375 almost all-sky estimate of UTH. We use clear sky infrared pixels provided by the NCDC 376 data set to sub-sample the microwave data to simulate the infrared sampling of UTH.
377
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